Abstract Cervical lymphadenopathy frequently poses a diagnostic challenge as neither clinical nor imaging assessment can reliably differentiate between benign and malignant lymphadenopathy. Non-invasive differentiation between the two may help to reduce the number of FNAC or biopsy. The purpose of this study was to evaluate whether the new ARFI technique (Virtual Touch Quantification), in conjunction with gray scale sonography and Doppler, can help in the characterization and differentiation of benign from malignant cervical lymphadenopathy. Fifty adult patients with cervical lymphadenopathy were included in the study and sonoelastography was done. Sonoelastographic findings were compared to the gold standard histopathology or cytopathology. ARFI measurements in benign and malignant enlarged lymph nodes were compared using the Student t test and ROC curve was used to arrive at the Youden index, sensitivity, specificity, PPV, NPV and diagnostic accuracy. Sonographic patterns indicative of malignancy includes heterogenous echopattern, short axis/long axis ratio [ 0.5, absent echogenic fatty hilum and mixed vascular pattern. Sensitivity, specificity, PPV, NPV and accuracy in differentiation between the benign and malignant lymph nodes using ARFI elastography was 79.17, 100, 100, 83.9 and 89.9% respectively. ROC curve analysis of SWVs for differentiation between the malignant and benign lymph nodes gave a cut-off value of 2.8 m/s with an area under curve of 0.892. ARFI imaging technique quantifies the tissue stiffness of the cervical lymph nodes non-invasively and aids in characterisation and differentiation of benign from malignant cervical lymphadenopathy in conjunction with conventional sonography.
Introduction
Cervical lymphadenopathy frequently poses a diagnostic challenge as neither clinical nor imaging assessment can reliably differentiate between benign and malignant lymphadenopathy. Cytologic and histopathological evaluation are currently considered the only reliable investigations however, these procedures are invasive and cause discomfort and anxiety to the patient, apart from adding to the cost. Non-invasive differentiation between the two may help to reduce the number of FNAC or biopsy. Hence there is a need for development of additional reliable methods to complement the existing diagnostic procedures.
Gray scale ultrasonography and Doppler has relatively low specificity in differentiating benign and malignant lymphadenopathy. ARFI (Virtual Touch Quantification) provides numerical measurements of shear wave velocity (in m/s) which is proportional to tissue stiffness and does not require external compression unlike strain elastography.
The present study was designed to evaluate whether the new ARFI technique (Virtual Touch Quantification), in conjunction with gray scale sonography and color Doppler, can help in the characterization and differentiation of benign from malignant cervical lymphadenopathy.
Aims and Objectives
1. To detect and characterize enlarged cervical lymph nodes using high resolution gray scale ultrasonography and colour Doppler. 2. To evaluate the role of Acoustic radiation force impulse imaging (ARFI) in order to differentiate benign from malignant cervical lymphadenopathy. 3. To compare these sonographic findings with the cytohistopathological diagnosis.
Materials and Methods
Fifty patients presenting with clinically enlarged cervical lymph nodes were taken up for the study. The study was conducted over a period of 17 months from November 2013 to March 2015. It was approved by the institutional ethics committee and review board and informed consent was obtained. The study design was a cross sectional study and we excluded the patients having suppurative lymphadenopathy. The procedure was explained to the patient and informed consent in vernacular language was obtained in every case.
Methodology
The clinical history and findings of physical examination were noted in all patients. Each patient was evaluated by gray scale ultrasonography and ultrasound elastography on a Siemens ACUSON S2000 ultrasound machine. FNAC or biopsy correlation was done for all the lesions. All patients underwent an ultrasound evaluation of the lesion on an ACUSON S2000 ultrasound system (Siemens Medical Solutions) using a linear 9L4 (frequency bandwidth 4-9 MHz) multifrequency transducer. The patients were examined in the supine position. Sonographic features of the lymph nodes including size, location, short-axis diameter, short to long axis diameter ratio, margin, echotexture, fatty hilum and vascular pattern were recorded. Elastographic examination in all patients (largest lymph node was chosen in patients having multiple enlarged lymph nodes) on an ACUSON S2000 ultrasound system (Siemens Medical Solutions) was performed.
The ARFI technology-based application used was Virtual Touch Quantification (VTQ). This provides quantitative stiffness analysis. The system automatically generated the tissue displacement without manual tissue compression.
The transducer was gently placed with a sufficient amount of coupling gel to avoid generation of artifactual areas of stiffness radiating from the skin surface. After activating VTQ in breath hold position, the region of interest (ROI) was obtained which is a rectangle with fixed dimensions of 0.5 cm 9 0.6 cm and a maximum depth of 4.0 cm. ROI was entirely included within the enlarged cervical lymph nodes. The calculation of the shear wave velocity (SWV) was expressed in m/s. Five SWV values were obtained from the lesion. The median SWV values for the lesion were estimated.
The limits for measurement of the VTQ values for the ACUSON S2000 ultrasound system were in the range of 0.5-8.4 m/s. Values outside these limits were displayed as ''X.XX m/s'' (as per manufacturer). All the SWV measurements producing non-numeric results were expressed as X.XX. The result was recorded as 0 when the VTI image appeared bright and 8.4 m/s when the VTI image appeared dark. Thus, in our study, X.XX measured in the solid lesion was replaced by a value of 8.4 m/s.
The observations on high resolution gray scale ultrasonography and ARFI measurements were correlated with histopathological diagnosis on FNAC/biopsy in all the patients.
Statistical Analysis
Statistical analysis used MedCalc Statistical Software version 13.0.2 (MedCalc Software bvba, Ostend, Belgium; http://www.medcalc.org; 2014). The ARFI measurements in benign and malignant enlarged lymph nodes were compared using the Student t test and receiver operating characteristic curve was used to arrive at the Youden index as well as to calculate the sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy. For all tests, a p value of less than 0.05 was considered to indicate a statistically significant difference.
Results
Among the 50 lymphnodes examined 26 lymph nodes were benign while 24 were malignant on FNAC/histopathology. TB lymphadenitis was the most common pathology (14/26 lymph nodes) while squamous cell carcinoma accounted for majority (11/24 lymph nodes) of the malignant lymph nodes. The mean age of patients with benign cervical lymph nodes was 25.53 years while the mean age of patients with malignant lymph nodes was 43.20 years. The study population consisted of 68% males (34/50) and 32% females (16/50).
Majority of the benign lymph nodes showed homogenous echopattern, short axis/long axis diameter ratio \ 0.5; presence of fatty hilum; hilar vascular pattern and regular well defined margins (Fig. 1a, b) .
The sonographic patterns indicating malignancy in lymph nodes includes heterogenous echopattern (p \ 0.001), presence of short axis/long axis ratio [ 0.5 (p \ 0.001), absent fatty hilum (p \ 0.001), illdefined margins (p \ 0.001) and presence of peripheral and mixed vascular pattern (p \ 0.001) (Fig. 2a, b) . Of the conventional sonographic patterns, short axis/long axis ratio [ 0.5 and heterogenous echopattern had the highest area under curve (AUC), at 0.885 and 0.880 respectively ( Table 1) .
Median shear wave velocities (in m/s) ranged between 1.7 and 8.4 in malignant lymph nodes. Majority of the malignant lymph nodes (19/24) demonstrated a shear wave velocity value of 8.4 m/s (as the value was X.XX m/s) (Fig. 2c, d ). 5 out of the 24 malignant lymph nodes (20.8%) demonstrated shear wave velocity values less than 3 m/s. On FNAC/histopathological analysis, these lymph nodes were found to be Hodgkin lymphoma ( Table 2 ).The mean SWV value (in m/s) in Hodgkin lymphoma (2.04 m/ s) was lower as compared to the value in carcinomas (8.15 m/s).
Median shear wave velocities (in m/s) ranged between 1.0 and 2.8 in benign lymph nodes (Fig. 1c, d ). All benign lymph nodes (26/26) demonstrated a shear wave velocity value of less than 3 m/s (Table 3) . A statistically significant difference was found between benign and malignant lymph nodes (p \ 0.0001) respectively (Table 4 ). The optimal cut-off level with the highest sum of sensitivity and specificity (Youden cut-off) for shear wave velocity value for malignancy in lymph nodes was estimated to be 2.8 m/ s. Using the receiver-operating characteristic curves ( Fig. 3) with this cut-off value ([ 2.8 m/s), the SWV value predicted malignancy with a sensitivity of 79.17%, specificity of 100% and with an AUC of 0.892 (Table 5) . peripheral and mixed vascular pattern. Our findings were in concordance with other studies [1] [2] [3] [4] [5] [6] [7] [8] .
Majority of the benign lymph nodes showed homogenous echopattern, short axis/long axis diameter ratio \ 0.5, presence of fatty hilum, well-defined margins and central or hilar vascular flow pattern. Our findings were consistent with recent studies [9] .
In our study, we found that the SWV (shear wave velocity) values were significantly higher in malignant lymph nodes as compared to benign lymph nodes. The SWVs of the malignant lymph nodes in our study were represented by a range of values from 1.7 to 8.4 m/s (mean, 6.888 ± 2.706) and the SWVs of the benign lymph nodes ranged from 1.0 to 2.8 m/s (mean, 2.042 ± 0.442). A statistically significant difference were found between benign and malignant lymph nodes (p \ 0.0001).
The cut-off level for SWV value for malignancy in our study was estimated to be 2.8 m/s. Lymph nodes with SWV value greater than 2.8 m/s were considered as malignant and those with SWV value less than or equal to 2.8 m/s were considered as benign.
Using the ROC curves with this cut-off value, the SWV value predicted malignancy with a sensitivity of 79.17%, specificity of 100%. The PPV, NPV and accuracy with this cut-off value was 100, 83.9 and 89.9% respectively. Our findings are in agreement with recent studies [10] [11] [12] [13] .
In our study, there were five false negative lymph nodes. These had SWV values less than 2.8 m/s on ARFI and were labelled as benign on the basis of median SWV values. On FNAC/histopathology these lymph nodes were found to be malignant (Hodgkin lymphoma). On gray scale sonography these lymphomatous nodes were round in shape; well defined and shows absent echogenic fatty hilum with short axis/long axis ratio more than 0.5. Most of them were heteroechoic and showed intranodal reticulation (four out of five lymphnodes) (Fig. 4) . The mean SWV value of lymphomatous nodes were 2.04 m/s (Fig. 4) which was lower than other carcinomas (8.15 m/s) which reveals that lymphomatous nodes tend to be softer than metastatic nodes. This is in concordance with other study [14] hence benign nodes could not be distinguished from lymphomatous node according to elastography alone. Reticular pattern (intranodal reticulation) may differentiate lymphoma from benign and other malignant lymphnodes on grayscale sonography which is in agreement with other study [15] and ARFI elastography (shear wave values) may differentiate lymphomatous nodes from metastatic nodes.
A SWV value of greater than 2.8 m/s for diagnosis of malignant lymph nodes had 79.17% sensitivity, 100% specificity, and 89.9% diagnostic accuracy. If Hodgkin lymphoma cases were excluded from our study, a SWV value of greater than 2.8 m/s for diagnosis of malignant lymph nodes had 100% sensitivity and 100% specificity.
Conclusion
Acoustic Radiation Force Impulse (ARFI) imaging is a promising elastography technique that provides quantitative information about the tissue stiffness of cervical lymph nodes in an efficient and reliable manner. This technique can non-invasively and objectively complement ultrasonography in characterisation and differentiation of benign from malignant lymph nodes and can be added in the routine evaluation of cervical lymphnodes.
Limitations
Only a small number of malignant lymph nodes were studied, including 18 carcinomas, 5 hodgkin lymphoma, 1 malignant neurogenic tumor. Additional studies with a greater number and variety of malignant and benign lymph nodes in a large series will further confirm the clinical value of ARFI technology in the differentiation of malignant from benign cervical lymph nodes and to differentiate lymphomatous from metastatic nodes. ARFI technique cannot be applied for cystic or necrotic lymphnodes as shear waves do not propagate in non-viscous fluids.
